Abstract 2014 By small angle X-ray scattering, we have studied the structure of Winsor microemulsions, with brine and oil (toluene) proportions comparable and much larger than the surfactant (sodium dodecyl sulfate, SdS) and cosurfactant (butanol 1) proportions. Three systems were made. In the first (already studied in detail), the microemulsions are in equilibrium with an oil and/or water phase in excess, the microemulsion composition varies as a fonction of the brine salinity. The two other systems are monophases made with a brine of salinity 6.5 %. In the second system, we vary the oil volume fraction 03A6o from 20 to 90 % at constant SdS concentration (5 x 10-2 g/ml).
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In the third, we chose the component proportions such that the quantity 03A6o03A6w/cs (03A6w : brine volume fraction, cs :
SdS concentration) remains constant as 03A6o varies from 20 to 80 %. Thus one fixes the theoretical microemulsion characteristic length according to the expression $$ predicted by Talmon-Prager and de Gennes (03A3 is the area per SdS polar head).
1) The SdS polar head contribution to the contrast and to the intensity scattered at large angle in the asymptotic domain is large. From this, we deduce a direct proof of the existence of a soap film between the oil and water parts of the microemulsion and also a method of measurement of the area per polar head (03A3 ~ 60 Å2); 2) We measure the characteristic microemulsion size as a function of cs and 03A6o. The [4] . This type of microemulsions has been particularly studied along dilution-paths in the phase-diagram [5] :
for a water in oil microemulsion, the molar ratio water/soap, the composition of the continuous oilalcohol phase and the structure of the water droplets are kept constant as the water-concentration is increased until an upper bound is reached. This bound corresponds either to a solubility limit or to an oil in water microemulsion (inversion). It often coincides with the random sphere-close-packing concentration [5] .
ii) In some other cases, the oil or water objects are less well defined : sphere aggregates are evidenced [6] .
iii) Finally it may happen that there are no longer any defined objects, but only a bicontinuous random partition of oil and water [7] . This This structure model, derived from the TalmonPrager model [9] also allows an initial discussion of the Winsor type phase equilibria to be given in terms of the surface energy, the film entropy and the curvature energy [10] . The We obtained three systems :
The first one (A) has been studied in detail [13] [14] [15] Compositions are given in tables II and figure 1. When the titration was performed, the volume of butanol was less than 8 % of the oil and brine volume. Ignoring the butanol partition coefficient between toluene, brine and film, we neglect butanol volume in the evaluation of the aqueous and oleus volume fractions of the microemulsion (0, and 00). (salinity S = 6.5 %) and toluene (Table IIc) were Çk = 6 l/lo iw = 150 A (with 2:=6o A , cf. § 2.2. 1).
CS 2:
The C-samples 00 &#x3E; 0.4 were prepared at T = 23 °C. They were insensitive to temperature change between 23 °C and 30 °C. Their X-ray spectra were recorded at T = 23 °C.
After a few days, the two C-samples 00 = 0.2 and 0.3 appeared to be not stable at T = 23 °C. Their X-ray spectra were recorded at T = 27 OC, where they were stable without ambiguity. [16] . The X-ray wave length was A = 1.54 A.
The second source was the synchrotron radiations of L.U.R.E. at Orsay. The collimation there was ponctual (beam dimensions 0.5 mm x 1 mm). The used wave length was : A = 1.61 A [17] .
All the samples were examined in thin sealed glass capillaries, which diameters had been previously measured The sample holder was thermostated at the temperature of sample preparation.
Empty capillaries were used to measure the back ground intensity which was subtracted from the sample signal.
In a given series of experiments, the intensities were normalized by dividing the counting rate by the sample thickness, by the sample transmission coefficient and by a quantity proportional to the energy of the incident beam. This defines the experimental intensity L Experiments which were done with synchrotron radiation will be denoted by L, those with the rotating anode generator by G.
By varying the sample detector distance between 50 cm and 1 m, we explored the q-range 10-2-0.25 Å -1.
Collimation effects affect the first 50 points (among 200) of the G experiment spectra : compared to L spectra the intensities are lowered but the general shape is not changed As in the very low q-range our analysis is only qualitative, the G spectra were not desmeared 2. Results and discussion.
1 REMARKS ON THE PHASE BEHAVIOUR OF B MICRO-
EMULSIONS. -In system A, oil rich microemulsions are associated with high salinities (S &#x3E; 6.5 %) and brine rich microemulsions to low salinities. The highest oil and brine uptakes are reached at the inversion point for an « optimal salinity » S = 6.5 %.
To obtain a toluene volume fraction scan as wide as possible (following the constraint of constant SdS concentration and salinity), we tried different salinities around the optimal salinity (S = 5.5 %, S = 6.5 %, S = 7.5 %) and different SdS concentrations (see Fig. 1 If n(r) is the electron density at point r, n &#x3E; its average value, q(r) = n(r) -n &#x3E; is the local electron-density-fluctuation ; its mean-square value is ( tl' &#x3E; and y(r) is the correlation fonction defined by : where the brackets mean that the average has been taken.
In our experiments, depending on the series, q varies between 10-2 and 0.25 A-' : we explore the microemulsions structure between (roughly) 15 iii) A very small q-range (qç 1) which describes the large scale structure of the microemulsions.
Only in the last q-domain do the spectra exhibit a very qualitative different behaviour from one sample to another.
In the analysis, we will follow this distinction between the three q-ranges. ii) q4 I is not constant but linear in q2 (Fig. 3) . We have q 4 1 _ Y + Pq2 ; Y and P are both positive.
Within the experimental uncertainty, the slope P of the plot q4 I versus q2 and the intercept with y axis, Y are both proportional to the SdS concentration (see Table III ).
This As a reference, we chose a brine in cyclohexanepentanol microemulsion, whose structure has been already studied by neutron scattering (6) (it is called 5 B 1 M in this reference : the NaCl -brine molarity is 1M (S = 5.5 %), the weight ratio of water to SdS is 2.5, the cyclohexane-brine volume ratio is 5).
This microemulsion is of the hard sphere type [6] .
We measured its X-ray spectrum and observed that q4 I was also linear in q2 in the asymptotic range as in our brine-toluene microemulsions. (Fig. 7 concerning system B) , the spectra are similar. The similarity domain is even more extended towards smaller q for the dilutest samples (l/Jo 0.8). Thus experimentally ql is a good scattering vector unit in the medium q-range. For 0.5 q/q 1 1, we write I(q) = 10 f(q/ql).
ii) Variations of the intensities. - The formulae (5) and (6) (5) and (6) Thus, we are not strictly in one of the two pure cases of formulae (5) and (6) , however the evolution of Io is better described by formula (5) than by formula (6) . We conclude that the oil-water contribution to the scattering is the most important at q less than ql, and that, in a first approximation, ql1 fulfills the conditions to be the characteristic size of our microemulsions.
iii) Remark. -A remarkable feature of the plots In I versus (q/ql)2 is that, the curves are approximately linear in the range 0.2 (q/ql)2 0.65 (Fig. 7) , although it is not the very low q Guinier range [20] q2 o2B (the Guinier (Table IVc) . In system C, where the theoretical length 6 Po Pw To study the behaviour of q1 as a function of 00, we have plotted for all samples of system A (salinity scan) and systems B and C (00-scans), the product cs fql 1 versus 00 (Fig. 6) . The resulting curve is symmetric in 00 and maximum at the inversion point (00 = 0.5).
On the water rich side (00 0.3), cs Eql1 is linear in 00. On the oil rich side (00 &#x3E; 0.7), cs Eql1 is linear in (1 -00 We also have checked the procedure of size measurement by q1 on the known microemulsion 5B 1M of reference [6] . We ii) The B samples outside the inversion zone (00 0.3, 00 &#x3E;, 0.75) do not follow the « Guinier » law [20] in the Guinier range qR 1 (Fig. 7) . In particular, the intensities rapidly increase as q goes to zero.
iii) The two samples most dilute in oil of system A (S = 3 % and S = 4 %) also exhibit a diffuse peak. These three different behaviours indicate that the interactions or correlations between oil or water domains are quite complex.
i) In the inversion zone, the intensity scattered by a two phase random oil and water partition in Voronoi polyhedra has been calculated by Kaler and Prager [24] .
As this partition is random, they predict that at low [28] .
For the needs of our analysis, we rederive them by a method suggested by de Gennes.
Let d be the thickness of the interface, along the normal Oz to the interface. The electron density is decomposed into two terms : a step function 0 giving the discontinuity of density and a residual function p(z) vanishing outside the interfacial region (Fig. Al) in the plane of the interfaces, Oz is the normal, the origine 0 is on the discontinuity of 0, n1 is the electron density forfz 0 and n3 for z &#x3E; 0). The amplitude scattered by the rectangle is :
The intensity is :
Now, assuming isotropy, we take the average on the possible orientation of the rectangle. For large q (qL &#x3E;&#x3E; 1), the sinc term will vanish except if q is normal to the interface; by taking the average sinc qx Lx/2 is equivalent to (2 n/qx L.,). 6(q.,), 6 is the Dirac fonction.
Finally :
The contribution of different portions of the interface (of size q -1) are incoherent, then additive. The total scattered intensity is :
A is the total area of the interface.
For qd 1, this is expressed in a more useful form by using the moments of the distribution p : n+m The best way to evidence the first deviation from Porod's law is to plot q4 i(q) vs. q2 .
With the electron density profile of figure 5 Appendix II.
THE ELECTRON DENSITY DISTRIBUTION. -The electron density profile through the interfacial film is drawn on figure A2 .
We suppose that the oil-water interface is infinitely thin, and that one can distinguish two well defined parts in the film : nA -n3 is very small, compared to np -n, and n 1 -n3 : we have neglected it in the text From the measure of /2 = d' (np -n,) (np -n3) ' (n, -n3 )2 1 one can estimate Li for S = 6.5 (and toluene) with cyclohexane and brine (S = 5.5 %)
